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ABSTRACT 


Introduction: Anencephaly is a common & lethal neural tube defect (NTD) which occurs due to the defective closure of rostral 
pore of neural tube. The study aims to identify the risk factors associated with anencephaly in our population. Attempt was made 
to correlate the incidence of anencephaly with associated systemic and congenital anomalies, maternal factors, biochemical 
analysis of mother for ACE, alpha fetoprotein, folic acid & random blood sugar. 

Material & Method: The present study included 60 anencephalic fetuses of 20-30 weeks & mothers of the fetuses from Victoria 
& Vani Vilas hospital attached to Bangalore Medical College & Research Institute. Study was conducted over a time period of 3 
years from August 2014 to June 2017. 

Results: The incidence of anencephaly in Victoria and Vanivilas hospital was 1.04 in 1000 births. 23 (38.4%) were males & 
37(61.6%) were females. The alpha fetoprotein is high in 100% of cases & ACE level was normal in 85 % cases, in 1.6% it was 
high & in 13.4% cases it was low. In 15%, folic acid was low & 15% cases were hyperglycemic. 

Conclusion: Better knowledge of unexpected fetal loss is the promise for better parental counseling & for prevention of recur¬ 
rences. Understanding & identifying the risk factors associated with anencephaly in our population, allows approaches to avoid 
them & there by lower the incidence of anencephaly in our population. 
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INTRODUCTION 

Anencephaly is a common & lethal neural tube defect (NTD) 
which occurs due to the defective closure of rostral pore of 
neural tube. It is also known by other name like acrania 
(absence of skull), acephaly (absence of head), merocrania 
& meroanencephaly. Anencephaly can diagnosed by ultra¬ 
sound examination (USG) & by elevated maternal alpha feto 
protein 1 & Amniocentesis 2 . Studies show that a woman who 
had one child of NTD such as anencephaly will also have 
3% risk of having another child with a NTD 3 . Women tak¬ 
ing certain medications for epilepsy & women with insulin- 
dependent- diabetes mellitus have a higher risk 4 . The study 
aims to identify the risk factors associated with anencephaly 
in our population. Attempt was made to correlate the inci¬ 
dence with associated systemic anomalies, maternal factors, 
biochemical analysis of mother for ACE, Alpha fetoprotien, 
Folic acid & RBS, correlation of biochemical analysis with 
associated anomalies. 


MATERIAL & METHODS 

The present study included 60 anencephalic fetuses (23 
males & 37 females) of 20-30 weeks & mothers of the fetus¬ 
es from Victoria & Vani vilas hospital attached to Bangalore 
Medical College & Research Institute, Bangalore. Study was 
conducted over a time period of 3 years from August 2014 to 
June 2017. The total number of deliveries during this period 
was 57429. All the procedures were approved by research 
board & ethical committee of BMCRI, Bangalore. Consent 
for autopsy was requested compassionately, respectfully & 
fully informed. Complete history regarding the age of moth¬ 
er, febrile illness during pregnancy, medications taken dur¬ 
ing pregnancy, maternal diabetes, family history for NTDs 
& Folic acid supplementation were taken. The fetuses were 
dissected & the dissecting instruments required for fetal au¬ 
topsy are small scissors & forceps & scalpels. Measurements 
of crown heel, crown rump, head circumference, foot length, 
& weight are taken for comparison with standard chart. Dis- 
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section was performed by positioning of the body. The body 
was kept in supine position with a wooden block under the 
shoulder to keep the neck in extended position. 

A curved incision was made bilaterally from the acromion 
process through the medial border of shoulder joint to mid- 
axillary line laterally; this continued to the iliac crest over the 
inguinal ligament to meet pubic symphysis. The skin with 
the superficial tissue flap was reflected up the root of the 
neck, then to the inferior margin of mandible bilaterally, tak¬ 
ing care not to injure the neck structures and rectus sheath. 
This way, whole of the front of the neck, chest and abdomen 
was exposed 5 . 

Opening the abdominal cavity: A paramedian incision was 
made on rectus near pubic symphysis up to xiphoid process. 

Opening thoracic cavity: Sternum was removed by cutting 
at costochondral junction and then separating sternoclavicu¬ 
lar joint. All the major organs (lungs, heart, spleen, kidney, 
adrenal gland) were weighed & data recorded with expected 
values. Photographs were taken. The samples were fixed 
with 10% buffered formaldehyde approximately to 24 hours. 
The associated abnormalities were grouped according to 
main organ system to which they belonged. 

Maternal analysis: 2 ml of blood with EDTA & 2 ml of whole 
blood was withdrawn from the mother before delivery; sent 
for analysis of alpha fetoprotein, folic acid, acetyl cholinest¬ 
erase and blood glucose (random blood sugar). 

Anencephaly & associated anomalies were compared with 
the biochemical analysis of mother. The observed data were 
subjected to Fisher’s exact tests and the significance was de¬ 
termined with P< 0.05 for statistical significance. The statis¬ 
tical tests were performed using software SPSS 15 (Statisti¬ 
cal Package for Social Sciences). 

Results: The number of deliveries conducted between Au¬ 
gust 2014 to June 2017 at Victoria Hospital, Bangalore is 
shown in Table 1. The total number of deliveries during this 
period was 57429. Of these deliveries 60 fetuses (males 23 
&37 females) with anencephaly, of age 20 to 30 weeks were 
collected from Department of OBG, Victoria & Vani Vilas 
hospital attached to Bangalore Medical College & Research 
Institute, Bangalore. 


Table i: No of deliveries from August 2014 to June 2017 



Aug-Dec 2014 

15134 

Jan-Dec 2015 

16361 

Jan -Dec2oi6 

17289 

Jan -June 2017 

8645 

Total 

57429 


Classification of mothers according to age showed that ma¬ 
ternal age in 1.6% were < 20year, 83.4% were 21-35 years, 
13.4% were 36-40 years and 1.6% was >40 years. The mean 
of maternal age is 24.4 years. When mothers were classi¬ 
fied according to their level of education, it was noticed that 
91.6% were found to be <high school (illiteracy), 5% were 
high school & >high school were 3.4%. The study showed 
that 76.7% of mothers were unemployed (housewives) & 
46% of the respondents were found to have regular visits 
to antenatal care centers. When respondents were inquired 
about experiencing any form of febrile illness during preg¬ 
nancy (specifically the first trimester), 86.6% of mothers 
had no febrile illness during pregnancy; only 14.4% of them 
reported so. Season of birth were 40% were bom in win¬ 
ter, 16.6% were in spring, summer & 26.7% in autumn. The 
study showed that 8.3% of mothers had multiple abortions, 
1.6% had abortion with asthma, diabetes with obesity & hy¬ 
pertension, 5% were diabetic & 81.6 % were normal. 10% 
of mothers reported taking medications during pregnancy, 
1.6% mentioned antiemetic, 5% NSAID (paracetamol & 
aspirin), 1.6% mentioned herbal medication. None of the 
respondents was found to have been exposed to any form of 
radiation during pregnancy. 15% mothers got consanguin¬ 
eous marriage, all were 1 st cousins & remaining 51 (85%) 
cases were unrelated. 

The study showed that 76.7% of mothers were taking folic 
acid during pregnancy. Regarding the timing of folic acid 
consumption during pregnancy, only 5% took folic acid pre¬ 
conception (Chart 1). 



The comparison of control group (normal fetuses) & case 
group (anencephalic fetuses) indicates that there is no dif¬ 
ference seen. The weight of fetus with anencephaly is more 
than the control group, and weight of liver was less than con¬ 
trol group, and these were statistically significant. 

Associated anomalies were present in 42 (70%) fetuses (Ta¬ 
ble 2). Out of 42 fetuses, those who had associated anomalies 
were 17 (40.4%) males and 25 (59.6%) were females. All 
the fetuses had acrania (100%) & 19 (45.3%) fetuses had 
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spina bifida; there were no anomalies found in reproductive 
system. 

The 6 cases (14.3%) had facial defects (4.7% were males & 
9.5% were females). The most common defect was cleft pal¬ 
ate & cleft lip (9.5% cases), it was found to be statistically 
significant. In 19 cases (45.3%), spina bifida was very com¬ 
mon, in 1 (2.3%) along with spina bifida, cleft lip & palate 
was also found. The spina bifida upto sacral region was seen 
in 4.7% of cases & it was found to be statistically significant. 

Anomalies in limbs: 1 case (2.3%) had Amelia of right lower 
limb, congenital dislocation of right elbow joint, malrotation 
of gut towards left, which was found to be statistically sig¬ 
nificant (Figure 1). 

CVS: in 1 male fetus (2.3%), there was a single ventricle 
(mono ventricle) on the left side, with two outlets (aorta & 
pulmonary trunk), which was found to be statistically sig¬ 
nificant (Figure 2 a&b). 

Lungs: in 1 case (2.3%), left lung had 2 fissures & 3 lobes, 
in 1 (2.3%) right lung had 3 fissures with 4 lobes. In 2 cases 
(4.7%) both lungs had single oblique fissure with 2 lobes 
(Fig 3). In 1 case (2.3%), there was malrotation of gut to¬ 
wards left side & also absence of pancreas (Fig 4). 

Urinary system: 1 case (2.3%) had unilateral biureter on left 
side (Fig 5) & 1 case (2.3%) had horse shoe shaped kidney; 
both are statistically significant (Figure 6a& b). 

There were no anomalies found in reproductive system. In 2 
male cases (4.7%), there was umbilical hernia (Fig 7). Dia¬ 
phragmatic hernia was not seen. Amniotic band syndrome 
(fig 8), encephalocele (fig 9) & omphalocele (fig 10) were 
seen in 2.3% of cases. 


Table 2: Percentage distribution of associated anom¬ 
alies (n=42) 


System 

M 

Anomalies Present 

F Total Percentage (%) 

Skull & Face 

2 

4 

6 


14-3 

Vertebrae 

10 

9 

19 


45*3 

Limbs 

1 

1 

2 


4-7 

CVS 

1 

0 

1 


2-3 

Respiratory System 

0 

4 

4 


9-5 

GIT 

0 

2 

2 


4*7 

Urinary system 

1 

1 

2 


4-7 

Reproductive system 

0 

0 

0 


0 

Hernia 

2 

0 

2 


4*7 

Abdominal wall 

0 

1 

1 


2.3 

Other anomalies 

0 

2 

2 


4*7 

Total 

17 

25 

42 


100 


M- Male, F-Female 


Male fetuses had 40.4% of overall associated anomalies & 
female fetuses 59.6% of associated anomalies. The female 
anencephalic fetuses were found to have more number of as¬ 
sociated anomalies. 

Biochemical Analysis of mother: In 100% of mothers AFP 
were high, this was a confirmatory test for anencephaly 
(NTDs). 

Normal Values 

AFP - upto 10 IU/ml 

Folic acid -3.1-17.5ng/ml 

Acetylcholine esterase-1700-5778U/L 

Blood glucose (RBS) -upto 140 mg/dl 

ACE- The 85% of cases ACE level were normal, 13.3% low 
& 1.7% of cases it was high. Folic acid level in 68.3% cases 
were normal, 28.3% of cases were low & 3.4% cases were 
high. RBS were high in 15% of cases all mothers were dia¬ 
betic, 3.4% cases low & 81.6% were normal. 

The Mean, SD & P values are given in (Table 3). 


Table 3: The Mean, SD & P values of biochemical test 


Mean 

Std. Deviation 

P value 

AFP 546.15 


293.203 

•233 

Folic 6.52 


5.631 

.874 

ACE 2939.83 


928.617 

.101 

RBS 112.40 


56.524 

.186 

Comparison of biochemical test with Associated anomalies: 

(n=60) 




Table 4: Comparison of ACE with Associated anoma¬ 
lies 

Systems 


ACE(n= 6 o) 



High 

Low 

Normal 

Skull & Face (6) 

O 

0 

6(10%) 

Vertebrae (19) 

l(l.6%) 

0 

18(30%) 

Limbs(2) 

0 

1(1.6%) 

1(1.6%) 

CVS(i) 

0 

0 

1(1.6%) 

Resp system(4) 

0 

0 

4(6.6%) 

GIT( 2 ) 

0 

1(1.6%) 

1(1.6%) 

Urinary system(2) 

0 

1(1.6%) 

1(1.6%) 

Repr system(o) 

0 

0 

0 

Hernia(2) 

0 

1(1.6%) 

1(1.6%) 

Abdominal wall(i) 

0 

0 

1(1.6%) 

Other anomalies(2) 

0 

0 

2(3.2%) 
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ACE level were high in 1.6% of cases of spina bifida & it 
was low in anomalies of limb , GIT, Urinary system & um¬ 
bilical hernia (1.6%cases). 


Table 5: Comparison of Folic acid with Associated 
anomalies 


Systems 

High 

Folic acid (n= 

Low 

=60) 

Normal 

Skull & Face (6) 

O 

1(1.6%) 

5(8.4%) 

Vertebrae (19) 

O 

3(5%) 

16(26.6%) 

Limbs (2) 

O 

1(1.6%) 

1(1.6%) 

CVS(i) 

O 

1(1.6%) 

0 

Resp system(4) 

O 

0 

4(6.6%) 

GIT( 2 ) 

O 

0 

2(3.2%) 

Urinary system(2) 

O 

1(1.6%) 

1(1.6%) 

Repr system(o) 

O 

0 

0 

HerniaG) 

0 

0 

2(3.2%) 

Abdominal wall(i) 

0 

0 

1(1.6%) 

Other anomalies(2) 

2(3.2%) 

0 

0 


Folic acid was low in 1.6% of cases with anomalies of skull 
& face, limb, CVS & urinary system & high in 5% of cases 
with spina bifida. 


Table 6: Comparison of RBS (Random blood sugar) 
with Associated anomalies 


Systems 

High 

RBS(6o) 

Low 

Normal 

Skull & Face (6) 

O 

0 

6(10%) 

Vertebrae (19) 

2(3.2%) 

1(1.6%) 

17(28.3%) 

LimbsG) 

0 

0 

2(3.2%) 

CVS(i) 

0 

0 

1(1.6%) 

Resp system(4) 

0 

0 

4(6.6%) 

GIT( 2 ) 

1(1.6%) 

0 

1(1.6%) 

Urinary system(2) 

1(1.6%) 

0 

1(1.6%) 

Repr system(o) 

0 

0 

0 

Hernia(2) 

0 

1(1.6%) 

1(1.6%) 

Abdominal wall(i) 

0 

0 

1(1.6%) 

Other anomalies(2) 

1(1.6%) 

0 

1(1.6%) 


RBS was high in 1.6% of cases with anomalies of GIT, Uri¬ 
nary system and other anomalies & 3.2% with spina bifida. 


It was low in 1.6% of cases with spina bifida & umbilical 
hernia. 


DISCUSSION 

Incidence of anencephaly is reported to be 1:1000 to 1:20000. 
In the present study the incidence of anencephaly in Victoria 
and Vanivilas hospital was 1.04 in 1000 births. 

Literature showed that anencephaly is more common in 
females 6 ’ 7 . In the present study, 23(38.4%) were males & 
37(61.6%) were females. The birth was of 1 st order in 40% 
of cases , 35% cases were 2 nd order, 21.6% were 3 rd order & 
3.4% cases were 4 th order. 

Age of mother in 1.6% cases were <20, 83.4% were 21-35, 
13.4% cases 36-40 & in 1.6%, >40. 

Season of birth: 16.7% cases were bom in spring, 26.7% in 
autumn, 40% in winter & 16.6%were summer which was 
similar in some studies 8 . 

Maternal occupation: 76.7% cases mothers were house 
wives, 10% cases farmers, 1.6% were tailor & teacher & 3.4 
% were group D. 

Family history of both the mother & father was taken in 
which 1.6% cases had Down’s syndrome for 1 st cousin & in 
1.6% father of the fetus had hyperthyroidism. 

15% mothers got consanguinity, all were first cousins & 85% 
were unrelated which was similar in few studies 9 ’ 10 ’ 11 

The rate of anencephaly could be higher in underdeveloped 
countries due to possible misdiagnosis, most probably due to 
poor diet; improper maternal health care, inappropriate treat¬ 
ment & environmental factors also contribute to it 9 . The ratio 
of anencephaly is higher in Iranian population than com¬ 
pared to European population. It has been calculated that in 
Iranian population 13.1/10,000 newborns had anencephaly 
whose mothers aged >35 years & consanguineous marriage 
contributes 36 % to anencephaly which was found to be sim¬ 
ilar in present study 12 . 

Congenital anomalies vary in different studies. The study of 
malformation is greatly helpful in genetic counseling & pre¬ 
natal diagnosis in successive pregnancies 13 . Anomalies were 
found in 42 cases (70%) in the present study & it is compared 
with the other studies. 

In present study, out of 42 cases, 25 females (41.7%) & 17 
males (28.3%) showed associated anomalies; majority of 
anomalies were in female anencephalic fetuses which was 
similar to some studies. Cleft lip & palate were the most com¬ 
mon defect (14.3%) & 19 (45.3%) had spina bifida. There 
were no reproductive system anomalies in the present study. 
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Comparison of associated anomalies with anencephaly 


System 

Tan et al' 4 
(1984) 

Vare et 
al 15 (i97i) 

Neilson et 
al l6 (2oo6) 

Pandurang 

etal 17 (2oi2) 

Singh et 
al l8 (2oi5) 

Present study (%) 

Total incidences 

9*4 

- 

43 

73 

58 

70 

Head & Neck 

NAD 

7-5 

14 

2.5 

13 

U 

CVS 

3 

7*5 

4*75 

HA 

13 

2.3 

Respiratory system 

3 

NAD 

NAD 

2.5 

17-3 

9-5 

GIT 

29 

32 

NAD 

14-5 

13 

4*7 

Renal 

3 

27 

12 

NAD 

11.5 

4*7 

Musculoskeleton 

20 

14-5 

16.5 

14-5 

10.1 

2.3 

Genital 

NAD 

5 

NAD 

12 

i -4 

NAD 

Diaphragmatic hernia 

NAD 

5 

2-3 

1 

5*7 

NAD 

Umbilical hernia 

1 

NAD 

NAD 

NAD 

NAD 

4*7 


NAD: no anomaly detected 


Most of the organs in the present study were anatomically 
normal when it was compared with the control group & some 
studies 19 . 

Literature showed that anencephalic fetuses were successful 
donors of hearts & kidneys for transplantation 7 . 

The intake of 4mg per day of folic acid intake is recommend¬ 
ed in mothers with history of neural tube defect 7 20 . 

The alpha fetoprotein is high in 100% of cases which was 
similar in a study 21 & ACE level was normal in 85 % cases, 
in 1.6% it was high & in 13.4% cases it was low ( 22 > 23 > 24 > 25 > 26 

In 15%, folic acid was low & 15% cases were hyperglyce¬ 
mic 20 

The intake of 4mg per day of folic acid intake is recommend¬ 
ed in mothers with history of neural tube defect 7 20 . 

In present study ACE level were high in 1.6% of cases of 
spina bifida & it was low in anomalies of (1.6%cases) Limb, 
GIT, Urinary system & umbilical hernia. 

Folic acid was low in 1.6% of cases with anomalies of skull 
& face, limb, CVS & Urinary system &high in 5% of cases 
with spina bifida. 

RBS was high in 1.6% of cases with anomalies of GIT, Uri¬ 
nary system and other anomalies & 3.2% with spina bifida. 
It was low in 1.6% of cases with Spina bifida & umbilical 
hernia. 


CONCLUSION 

Better knowledge of unexpected fetal loss is the promise for 
better parental counseling & for prevention of recurrences. 
Understanding & identifying the risk factors associated with 
anencephaly in our population, allows approaches to avoid 


them & thereby lower the incidence of anencephaly in our 
population. To prevent the NTD, dietary supplements should 
be provided to low socioeconomic pregnant females. Peri- 
conceptional & 1 st trimester folic acid supplementation is of 
prime importance. All pregnant mothers have to go in for 
triple marker tests; that is, beta HCG, alpha fetoprotein and 
estradiol. 

Amniocentesis could be made compulsory for mothers with 
a history of an anencephalic child. The mother has to be 
counseled regarding the risks of another such fetus. The fam¬ 
ily has to be told about pedigree charts, incidence and occur¬ 
rence of anencephaly in the population. 
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Figure 2: Double outlet, monoventricle. 



Figure 3: Bilobed right lung. 



Figure 4: Absence of pancreas. 



Figure 5: Biureter left side. 
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Figure 6 a,b: Horse shoe shaped kidney. 


Figure 7: Umbilical hernia. 



Figure 9: Encepholocele. 



Figure 10: Omphalocele. 





Figure 8: Amniotic band syndrome. 
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